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Alkyvlation of the 3-pyrrolidyl enamines of 6, 6a-dimethyl-17a-hydroxyprogesterone und 6a,16a-dimethyl-

progesterone has provided the corresponding 4,4-dimethyl-3-pregnene analogs.

The former was also obtained

hy direct alkylution of 17e,203-iopropylidenedioxy-6e«, l6a-dimethyl-4-pregnen-3-one followed by hydrolysis

to the 17a,203-diol (7) und oxidation to the 20-ketone (4b).

The 17a-ncetate (de) gave an unexpectedly high

responge in the Clauberg assay for oral progestational wetivity.

L1 previous papers of this series,’? we have deseribed
a series of 6,10a-dimethylprogesterones variously sub-
stituted at positions 17 and 21, The 6,16e-dimethyl-
17 w-ncetoxyprogesterones and their 21-fluoro deriva-
tives were shown to possess unusually high oral pro-
gestational activity.,

We now wish to report the synthesis of several 4,4.-
6, 16 a-tetramethyl-d-pregnene analogs, one of which.
14,6, 16-tetramethyl-3-pregnen-17 a-ol-3,20-dione  17-
acetate (4e), showed an unexpectedly high response
in the oral Clauberg assay. This latter substauce
constitutes the first reported example of a 4,4-dialkyl-
ated  H-pregneu-3-one exhibiting significant biological
activity.

Numcrous reports have been issued describing svi-
theses  of 4 4-dimethyl-H-androsten-3-ones aud 4.-4-
dbmeihvi-19-noe-3-androsten-3-ones.*  In the preg-
nare series, ouly 4,4-dimethyl-5-preghiene-3,20-dione#
and 4 4-divethyl-9a-fluoro-1138,17 ¢, 21-trihvdroxy-s-
pregucne-3.20-dione® have been deseribed.

Although significant biological activity is reported for
varions of  the 4.4-dimethyvl-5-androsten-3-ones 1.8
o biologleal getivity has yet been reported for any
Aob-dimcethyl-3-pregnen-s-oues.  In all instances, the
4 t=dimethivl-3-en-3-one - compounds  were  prepared
by direet methylation of the parent 4-en-3-ories by the
nethod first deseribed by Woodward, et al.?

The nitial preparations of the 4.4-dimethyl steroids
reported herein proceeded by way of alkylation of the

approptiate 3-pyvrrolidvl enamines. G, 16e-Dimethyl-
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progesteroue (la) on treatment with pyrrolidine in
nwthallol‘ gave excellent yields of the 3,5-dien-3-amine
(2a). Alkylation with methyl iodide 1n  absolute
1110t11a11() afforded a mixture of 4,6a,16a-trimethyl-
progesterone and +,4,6,10a-tetramethyl-3-preguenc-,-
20-dione (4a) from which the latter was sceparated
readily by chromatography. 'This alkvlation to a 4,4-
dimethyl-5-en-3-one s analogous to the perchloryl
flnoride  4,4-difluorination of enamines reported by
Nakanishi, ¢f al.?

Treatment of Ga 16a-dimethyl-17 e-hiydroxyproges-
terone (1b) or its 17w-acetate (1¢) with pyrrolidine in
methanol gave mixtures of the eorresponding -en-
amines (2b or 2¢) and starting material from which
separation of the cnamine was difficult.  The desired
J-enamine (2b) was prepared in excellent yield, how-
ever, by treatinent of 63,16e-dimethylpregnane-se,-
17 a-diol-3,20-dione (3a) or its Sa-acetate (3b) with
pyrrolidine i methanol.  Coucomitant 1up1d ehnina-
tion of the Ja-oxyvgen funetions oceurred under the
basic reaction conditions.

Direct alkylation of the 3-cnamine (2b) with methyl
iodide in methanol gave the 4,4.6,16e-tetramethyl-5-
-3

pregnen-17 ¢-ol-3,20-dione  (4b} admixed with 4,6a,~
16e-trimmethyl - l 7 e-hvdroxyprogesterone.  Separation
proved to be difficult. The mixture was, therefore,

acetylated in the usual manner and chromatographed.
The tetramethyl 17«-acetate {4¢) was isolated 111 a pure
state but the trimethyl 17 a-acetate could not be frecd
of inipuritics.

An alternate route to the tetramethyl-17-oxygenated
compotinds  proceeded  from 17 «,208-isopropylidene-
doxy-Oe, 16 e-dimethyl-4-pregnen-i-one  (5).*  Direct
alkvlation with methyliodide in i-butyl alcohol contain-
ing potassium ~butoxide!! again gave a mixture of the
trimethyvl and  tetramethyl compounds.  The tetra-
nieths compound (6), however, predominated and was
separated  readily.  Hydrolyvsis of  the 17w208-is0-
propylidenedioxy group was accomplished by treatiment
with refluxing aqueous acetic acid. The 17¢«,20s8-
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glycol (7) was then oxidized in good yield with either
8 N chromic acid-sulfuric acid reagent!? or with N-
bromosuccinimide in acetone®!'* to 44,6 16a-tetra-
methyl-3-pregnen-17 a-0l-3,20-dione  (4b). Acetyla-
tion of the tetramethyl-5-pregnene afforded the 17a-
acetate (4¢) identical with that prepared via alkylation
of the enamine.
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The oral progestational activity of 4¢ was estimated
by the Clauberg method on immature estrogen-primed

rabbits.’* The data obtained are as follows.
Level, me. Response

0.075 0.8+

0.75 1.5+

7.5 3.8+

Since the data do not give the normal response curve,
no meaningful comparison of the activity of 4¢ with

(12) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon,
J. Chem. Soc., 39 (1946); A. Bowers, T. G. Halsall, E. R. H. Jones, and A.
J. Lemin, ibid., 2548 (1953).

(13) E. W, Cantrall and 8. Bernstein, U. S. Patent 3,019,219 (Jan. 30,
1962).

(14) Bioassays by Endocrine Laboratories, Madison 1, Wis.
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any standard substance, e.g., ethisterone, can be given.
The response at the 0.075-mg. level, however, i1s par-
ticularly interesting for a compound of this structure.

Experimental

3-(N-Pyrrolidyl )-6 2,16 -dimethylpregna-3,5-dien-20-one (2a).
—A solution of 3.42 g. of 6a,16a-dimethylprogesterone (la)
in 20 ml. of absolute methanol containing 1 drop of pyrrolidine
was heated to boiling and then 1.5 ml. of pyrrolidine was added.
The mixture was boiled gently for 5 min. during which a crystal-
line solid separated. The mixture was cooled in ice: the solid
was separated by filtration, washed with cold methanol, and
dried in vacuo at room temperature to give 3.665 g. (92.7%),
m.p. 144-146° dec., [«]®p —24.9°; AE’F 587 6.11, and 6.23 u.!6

Anal. Caled. for CxH4NO: C, 81.97; H, 10.45; N, 3.54.
Found: C,81.25; H, 10.22; N, 3.14.

4,4,6,16a-Tetramethyl-5-pregnene-3,20-dione (4a).—The en-
amine (2a) (2.85 g.) in 250 ml. of absolute methanol was treated
with 50 ml. of methyl iodide and the solution heated under reflux
for 40 hr. The mixture was concentrated ¢n vacuo to ca. one-half
the original volume, 10 ml. of 109, aqueous sodium hydroxide solu-
tion added, and this mixture heated under reflux for 10 min. The
solution was then concentrated in vacvo to about 50 ml. and di-
luted with water (2000 ml.). The crystalline solid which sep-
arated was removed by filtration, washed to neutrality with
water, and dried in vacuo to give 2.15 g., m.p. 78-84°. A 1.84-g.
portion was chromatographed over 60 g. of Florisil (column pre-
pared in hexane). The fractions eluted with methylene chloride
were combined, 450 nig., m.p. 112-115°, no selective absorption
in the ultraviolet. Recrystallization from methanol afforded
223 mg., m.p. 114-115°, [a]®D +10°, AX® 5.84 and 5.87 u.

Anal. Caled. for Cstastl C, 8103, H, 10.34,
C,80.12; H, 10.03.

Further elution of the column with methylene chloride-ether
(8:2) gave 972 mg. of solid, m.p. 70-86°, Amax 250-251 mu (e
900). Attempts to separate the 4,6¢,16c-trimethylprogesterone
from this mixture failed.

3-(N-Pyrrolidyl }-6«,16z-dimethylpregna-3,5-dien-17 «-o0l-20-
one (2b) —A suspension of 5 g. of 68,16a-dimethylpregnane-
5a,17a-di0l-3,20-dione (3a) in 30 ml. of absolute methanol was
heated to boiling and 1.5 ml. of pyrrolidine added. The solid
quickly dissolved. The mixture was heated for 2 min., then
quickly cooled in ice, and the crystalline solid separated by filtra-
tion., After washing with cold methanol and drying in vacuo
the product weighed 5.726 g., m.p. 151-160° dec. Recrystal-
lization from absolute methanol afforded 3.102 g. (56.89;), m.p.
188-190° dec., [a]%p —148°; AEP"2.86, 5.89, 6.08, and 6.22 .

Anal. Caled, for CxHuNO:: C, 78.78; H, 10.04; N, 3.40.
Found: C, 78.24; H, 9.95; N, 3.50.

Treatment of the 5a-acetate (3b) with pyrrolidine in meth-
anol under the above conditions gave material identical in all
respects with that prepared above. Treatment of 1b with pyr-
rolidine in benzene in the presence of p-toluenesulfonic acid?
gave only recovered starting material. Treatment of 6a,16c-
dimethyl-17@-acetoxyprogesterone (1¢) with pyrrolidine in meth-
anol also gave a niixture of the 3-enaniine 17-acetate (2¢) and
starting material.

4,4,6,16a-Tetramethyl-5-pregnen-17«-0l-3,20-dione  17-Ace-
tate (4¢). A. From the Enamine 2b.—A solution of 3.0 g. of
the enamine (2b) in 250 ml. of absolute methanol and 50 ml. of
methyl iodide was heated under reflux for 64 hr. The solution
was evaporated in vacuo to ca. 100 ml., poured into ice—water, and
the resulting suspension acidified to pH 2 with hydrochloric acid.
After standing for 1.5 hr., the product was extracted with methyl-
ene chloride. The extracts were washed to neutrality with
water, dried, and evaporated to dryness in vacuo to give 2.510 g.
(89%), m.p. 135-148°; Apax 250-251 mu (e 300); AKP 2,08, 5.88,
6.04, and 6.18 p.

The crude product (2.5 g.) was dissolved in 20 ml. of glacial
acetic acid and the solution treated with 4 ml. of acetic anhydride

Found:

(15) All melting points were determined in capillaries on a Hershberg
apparatus (Eck and Krebs, Inc., New York) using Anschiitz thermometers.
Rotations were observed in chloroform at ca. 1% concentration, nltraviolet
spectra in 95% ethanol. Infrared spectra were determined using a Beck-
mann Model IR-5 spectrophotometer.

(18) Attempts to recrystallize this material resulted in partial decompo-
sition. Therefore, the physical data above are on the “crude’ product.
The material was also carried on without further purification.
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and 0.50 g. of p-toluenesulfonic acid mounolivdrate.  The mixture
wis stored at room temperature for 16 hr., then diluted with
witer, and the prodact extracted with methylene chlaride.  The
conibined extracts were washed with water, 54 aqueous sodimmn
bicarbonate solution, saturated sodium chloride solution, dried,
and evaporated to dryness in vacuo to give 2.875 g. of solid prod-
net, nip. 90-110°.  Chromatography aver 100 g. of Florisil
(column prepared in hexane) and elution with methylene chlo-
ride—ether (9:1) gave 478 mg., m.p. 96--107°, 1o selective ab-
sorptican in the nltraviolet.  Rechromatography of thig materinl
over 30 g. of Florisil (column prepared in benzene) and elntion
with benzene-ethyl acetate (10:1) gave 184 mg., n.p. 150-155.5°.
Crystallization (3 times) from wqueons methanol provided the
sample for analysis, nu.p. 154-155.5°, no selective absorption in
the ultraviolet, ARST 5,75, 5.%5, and 8.01 g, [a*) —42°.

Anal. Caled. for CeHyuO0 C, 75.66; H, 9.41.
75.62; H, 9.39.

B. From the 174,208-Diol (7).—To u solution of 1.0 g. of
the tetramethyl diol (7) in 120 ml. of acetone and 35 ml. of water
was added 2.0 g. of N-bromosuccinimide and the mixture stored
at room temperature for 17 hr.  Dilution with water gave crys-
talline material which wus removed by filtration, washed
thoroughly with water, and dried 70 rucwo to 986 mg. (9777 Cof
cride 4b, m.p. 91-103°; 8P 287, 5.85, 5.00, and 6.26 u.

Acetylation of 900 mg. of this crude produet was earried ont
by treatment with 30 ml. of acetic acid, 9 ml. of aeetic anhydride,
and 360 mg. of p-toluenesulfonic peid monohydrate at room tem-
perature for 18 hr.  Dilution with water atforded 978 mg. (9871
of erude acetate, m.p. Y8-104°.  This material was chromn-
tograplied over 30 g. of silica gel (columm prepared in benzene).
The fractions elnted with benzene—ethyl acetate (19:1 and 9: 1!
were combined, vield, 792 mg. (79.5%.). Recrystallization of a
100 mg. portion from aqueous methanol gave R0 mg., m.p. 154~
155°, undepressed on admixture with the material prepared from
the 3-enamine, and with identieal infrared spectra in KBr. In
addition, the mass spectrum® showed : parent peak wt m/e =
428 corresponding to CosHyOu.

17 2,203-Isopropylidenedioxy-4,4,6,16«-tetramethyl-5-preg-
nen-3-one (6).—A 12-g. portion of 17,208-isopropylidene-
dioxy-6a,16a-dinmethyl-4-pregnen-3-one  (5) (m.p. 167-169°
lal®n —5.7°) wag dissolved with stirring m 360 1wal. of #-butvl
aleohol eontaining 7 g. of potassium.  The mixture was stirred
for 5 hr. in a nitrogen atmosphere and then 30 ml. of methyliodide
was added.  Stirring under nitrogen was continued for 10 min.
and the mixture stored at room temperature for 16 hr.  After
dilntion with 300 ml. of water, the excess methyl iodide was re-
moved 1n racio.  Further dilution with water followed by ex-
traction with ether gave 12.31 g. (96°¢) of crude 6, m.p. 144
155°, no selective ubsorption in the nltraviolet.  "The muass spec-
trum'? showed a stroug parent peak at /e = 428 carresponding
to CagHysOa.

A LH-g. portion was chromatographed over 30 g. of silica gel
(column prepared in benzene). The fractions ehited with bhen-
zene—ethyl acetate (14:1) were crystallized from hexane-ncetone

Found:

(17) For v description of the apparatus ard procrdures nsed for the nass
spectragranlic nnalyses, see I.. Peterson, Aual. Chem., 34, 1781 (19621,
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L give the smuple for wnalysis, 906 mg., wp. 1001917 [o] 6
—TRNC AT ANE, .82, (.91, T.26, T.ST, 825, 845, 012, 925,
0,66, 192, and 11.52 g, no selective absorption e the altriceinba
The masgs spectrim® again showed the strong parent peadi ot
mie = 428,

Anal. Caled, for CxHygOy: C, 7845 H, 10.35.
¢, 7R.22; H, 10.32,

4,4,6,16v-Tetramethyl-5-pregnene-17«,203-diol-3-one (7.
A saspension of 10.0 g. of 6 i1 350 ml. of acetic acid aud 200 1l
uf water wis heated ander reflux far 2 hr, During this tane the
solid shwly dissolved. The solution wies dilated with water
the solid which separated wus remaoved by filtration, washed thoe-
mghly with wedter, and dricd (o reno to give X856 ge (9357, -
1ap. O6-107° Chrommtography over sihien gel (elntion wirh
901 benzene—cthyl acetated followed by ervstallization fram
atethanol (twiee) gave the sample for analysis, mup. 142 143°,
fal®n —41°0 AR 285, 588, 6.85, 7.22, 0.00,9.75, 9.0%, aad 1).23
w. no selective absorption in the ultraviolet.

Aaal. Caled. for CoHyOyr €, 77.27: H, 10.3%,
77105 H, 1051

4,4,6,16x-Tetramethyl-5-pregnen-17«-0l-3,20-dione (4b).
A solution of 300 mg. of the 17«,208-diol (7) in 40 l. of :wetone
wis canled 16 109 :and dry 1dtrogen passed throngh the solinting fae
seversd wimites. Then under a nitrogerc atimosphere, 0.3 10h 1t
RN chromie aeid reagent (5.4 g. of chrominm trioxide, 18 1l of
wuter, muld 4 mb. of coneentrated snlfurie acid) was gquickly added
and the mixture stirred for 3min. - The excess oxidizing wgent was
destroved by quickly adding a slurry of 400 1mg. of sodimn bisnlfite
m 7wl of water.  After I min. additional, the mdxture was
ponred mnto 1ee-water :and the prodiet extracted with ether. The
extracts were washed with wuter, dried, and evaporated ta dry-
ness frcracun to give 285 mg. (95.59) of erude 4b, mup. 177 -180%
Recrystallization froar hexane-acetone gave 208 mg. (69.7¢, 1,
1p. I81-182°, fa]®np —73°, 110 sclective absorption in the ultea-
violet, AJY 2,87, 3.00, 5.04, 6.05, and 6.19 £ The mass spec-
trin @ showed a strong peak at m /e = 386 corresponding (o 4,4,6,-
IHa-tetrmaethyl-H-pregnen- 17 a-ol-3,20-dione (4b 1.

Anal. Caled. for CoHeg,O- HaOr €0 74210 H, 097,
L7497 H, asse

Chronudograply of the aiother Hquors of  the preceding
smple gave wosiedb aamnt of additiondd materiad. The pres-
ertee ol g stnadl amonnt of 4,4,6,16e-tetramethyl-3-androstene-
3.1 7-dione was also indiested by infrared analysis.
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